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I. INTRODUCTION

" An ongoing single-event phenomena (SEP) test program at the Jet Propulsion Laboratory
(JPL) and The Aerospace Corporatiofsis continuing, in order to assess specific parts performance
for interplanetary and satellite environments and to establish trends in single-event upset (SEU)
response of an ever-increasing body of device data. ...

In 1985, Nichols et al.! published the first nearly compfehcnsive listing of SEP test data for
186 parts. This presentation was updated in 19872 with the publication of data for 83 additional
parts. In this report, we extend the data base for 154 new parts. As before. the data are collected
according to technology. function, and manufacturer in order to permit trends. generalizations,
and data gaps to be identified. — . fi -~




II. TESTING APPROACHES

The experimental procedures used by JPL and Aerospace are evolutionary and are described
in detail elsewhere.34 All data reported here use high energy accelerators—not isotope or other
simulation sources. A heavy ion beam of suitable uniformity is directed into a vacuum chamber,
where a movable test board and testing interface are mounted. Dosimetry is usually provided by
the test group, but the Battelle Northwest Laboratories (BNL) facility now offers this service for
their dedicated SEP line Test interfaces are unique to each part, although some attempts have
been made to design “universal interfaces.” Tests of complex parts, such as large-scale integration
(LSI) random access memories (RAMs) and microprocessors, require special care and usually do
not entail a test of every element for every code configuration. Microprocessor tests, for example,
might be chosen to yield worst-case linear energy transfer (LET) data (equivalent to the LET
threshold for the whole device) and not to yield the overall device cross section.

Tests for transient effects—defined as those disturbances that last for a finite time—are
occasionally implemented at the same time as tests for their “infinite” lived cousins—the SEU.
Transient effects are not often reported, probably because test procedures are often not set up to
measure them—not because of a general scarcity of this phenomenon. Transients are also more
elusive than SEUs: they depend upon on-chip design, layout geometries, and other configuration
aspects that may mask or augment their detection.

Both transients and “soft” upsets should be of concern to the system designer. Catastrophic
effects like latchup, transistor burnout, and other permanent effects require a separate system
evaluation.




III. ORGANIZATION AND SCOPE OF DATA

This repoi: summarizes soft error and latchup experimental test data from JPL and The
Aerospace Corporation during the 2-year period from January 1987 through December 1988. In
aadition, data from the Combined Release and Radiation Effects Satellite (CRRES) program,
stored at JPL for the last several years, is released for the first time—except for proprietary
developmental data on GaAs devices. Not included are data generated by Defense Nuclear
Agency (DNA) subcontractors who used JPL hardware, nor the new, fairly extensive data set on
power metal-oxide semiconductor field-effect transistor (MOSFET) burnout obtained by other
subcontractors. Much smaller SEP data sets have been generated by other U.S. and foreign
researchers.> The SEP data presented here and in two previous reports!-2 represent a substantial
majority of all test data obtained on SEP throughout the world.

The data from JPL and Aerospace are combined in this report, but there are minor
differences in the data from each organization. JPL defines the threshold LET as that value of
LET where soft errors are first counted at fluences of 10 ions/cmZ2. Aerospace has redefined their
LET threshold as occurring at that point where the measured upset cross section is 1% of the
measured maximum cross section. These two values may be quite different.* To obtain accurate
SEU rates for a prescribed radiation environment, one requires a plot of cross section vs LET,
which may be available from the parent test organization.**

The data are conveniently divided into two tables: Table 1 for metal-oxide semiconductor
(MOS) devices and Table 2 for bipolar devices. All data listed are substantially abbreviated and
ignore statistical featurcs altogether. SEP tests are measured with a dynamic nominal bias:
latchup tests are performed at the maximum value of the nominal bias range in order to enhance
the possibility of latchup. Cross sections are given for Kr ions at normal incidence. corresponding
to LET = 37 MeV/mg/cm?. The label “no upset” also refers to the situation at LET = 37. For
devices having a low LET threshold, the tabulated cross section may be equal to the maximum
saturation cross section; but at higher LETs, the maximum cross section will be larger than the
tabulated value (and may or may not have been found). Unreported transients and higher test
temperature measurements exist for some parts. Hence, a system designer interested in a specific
part is again urged to contact the appropriate test organization for further information.

* The use of a LET threshold defined as a stated percentage of a maximum (saturated) cross section
attempts to establish a practical lower bound for the purpose of estimating upset rates. The discrepancy
between this definition and JPLs definition becomes academic when a complete cross section is used in
rate calculations.

** At JPL, more detailed data are available in Reference 6 or in the RADATA computer bank.




Table 1. SEU Dets (MOS & CMOS Devioms) - 1987 & 1988

Effective
LETe» Dovice Crass  Cross Section
T Threahold Seun (am?)  PerBi  Facilty
Org® Device Funcion Technalogy  Mtr. Bis  (MeVimgicmd) ose 108 an?)  sees Remarks (Test Date)
A Z284C00 Micro P oMos Z1L - - - . $8n. Latchup a1 LET = 25;
(8-Bu) crom section » 2.8 ¢ lO"m:
Oune, 1988)
I SA33 16-Bu CMOSAuk  SNL - 06 - . BNL Clane of N$32016 (Aug. Oct. 1988)
Mucro P No resistar High Temp Duts Avaulabic
1 SAIM0 16-But CMOSAulk  SNL - >120 No upset - BNL Clane of NS32016 (Ocz, 1988;
Micro P With resustor High Tamp Daus Availabie
1 SA3M Tumung CMOSAulk  SNL - <&0 - - BNL Like NS32201 (Oct, 1988
Contral Umt Twnn Well
(Penpheral)
I SA32%M Ol CMOShulk  SNL - >120 No upset - BNL Like S4LS373 (Oct, 1988°
D-Lach Twin Well
] SA3S by s CMOShulk  SNL - >120 No upset . BNL Like S4LS138 (Oct, 19858
Decoder Twan Well
3 SAINT Octa) Bus CMOSAulk  SNL - >120 No upset . BNL Like 5415245 (Oct, 1988
Transcetver Twin Well
A HSBOCSSRI/  8-bu CMOS/qn SNLUHAR 92 35(SVinas] 104 - $8.in Two pars e idenncal
SA30D Micro P 60{10Vouas) No upset (Mar, 1987)
b HS80C3SRH 8-but CMOS/epn SNIVHAR 93 S0{SVinas) No upset = BNL Two parns are idenoca
SAIX0 Micro P >75[10Viaas) No upset Oun, 1987)
JA  80C86 16-by CMOS/mn  HAR 600 < 62102 10,000 $8-in. Dovelopmanal Parts. See Nichols
& ESA Micro P ESA & ol, [EEE NS (Dec 1988, (Aug,
Ocx. 1987 & Dec 1988)
] HSSXCTARH  DMA Conmol.  CMOS HAR -597 9 Sxis4 - BNL Dynamic Test Mode 344 bis
ler (8OC86 Juncuon (extrap.) tamed (May & Dec, 1985
Penpheral) lsolation
ESA T4 R2ebm CMOSAulk INM  16K(RAM) 3 0.2 200 (RAM) - Lawchup (1988)
Micro P
ESA T4l 32-bu CMOS/ep  INM  1&KRAM) 3 0.2 200 (RAM) - No latchup (1988)
Micro P
1 8038 32.bu CMOS/epn INT ~4000 - - - $8-in. No latchuup at LET = 40
Micro P {CHMOS M) {taned) Quly, 1988)
IBM 80386 32-but CMOS/pt INT -3 X - 100 BNL No latchwp, LET = 62
Micro P {CHMOS I
BM 8038 32-but CMOS/pi INT -3 1 - 100 BNL Lawhwp
Mcro P {CHMOS IV}
H 8018 16-bit NMOS INT  -10,000 0.4 sz104 - BNL (1988)
Micro P
A S0SSAH 8-bit NMOS INT - a >3121073 - $hin. a9
Mucro P

*] = JPL. A = Acrospsce, LS] » LS] Logac Corp., JH = Joho Hopians Univeruity, ESA « Europesn Spacs Agency, and [BM « [BM (Manamas, Va).

#¢1 FT = Linear Energy Transfer. Casine law applied.

*eaCroes Secuan (UpuulFlum)lupmfc1nmkanmimumum-ﬂwvmz. No upsst also refers 10 LET = 37.
seeegN\L = Broakhsven Nazonal Laborstory, Van de Graafl, 88-in. = U.C. Beghaley cyclotron, Orsay = Inginut de Phymque Nuclesire (cyclotran now defunct).
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Tabls !. SEU Daaa (MOS & CMOS Devicas) 1987 & 1988 (Canarmied)

Effscive
LETee Device Cress.  Crom Secoon
Tt Dimshold, Semon(amd  PerBu Fealiy
O D Funcnon Thaogy Mfr. B (MeVimgemd) - (108 am?) seee Ramarks (Tat Duwe)
] S4HCO00 Logx HOMOS ™ BNL 1)}
I saHC® Logx HOMOS ™ BNL ®
] S4HCOe Logx HOMOS T BNL &)
I s4HCoS Logx HOMOS ™ BNL ®
I s4HCI Logx HOMOS ™ BNL ®
I s4HC2 Loge HOMOS ™ BNL o)
I SeHC®2 Logx HoVOs ™ BNL ®
J S4HC Logx HOMOS ™ BNL =
I saHCSS Logx HOMDS TIX . BNL ®
I S4HC36 Loge HOMOS X BNL o)
3 SMHCIO9 Logx HOVOS ™ BNL ®
] s4aHC128 Logx HOMOS ™ BNL )
LA S4HC138 Logx HOMOS ™ BNL (Y. (A = June, 1988)
] SaHC:S1 Logx HOMDS ™ BNL ®
I SHC:? Log HOMOS gr BNL ®
] S4HC:61 Logx HOMOS ™ BNL (3) Lasar miatage tan eathix
o day.
I SeHCles Logc HOMOS ™ BNL ®
1 S4HC1643 Logx HCMDS ™ BAL (5 Lawx visage tun ;mdiex
- dm
] S4HC193 Logx HOMOS X BNL @)
WA S4HCH4 Logx HOMOS X -- BNL (4) & (6) (A » June. 1983)
] SaHCMS Logx HOMOS ™ . - BNL ©
I S4HCZO Logx HOMOS ™ BNL ®
] sHCT Logx HOMOS ™ - BNL ®
] S4HCTM Logx HOMOS ™ . . BNL ®
1 S4HCOO Loge HOVMDS ™M .. - BNL @
] SHCIN Loge HOMDS ST™ - . - BNL 0]
1 s4HC14 Logx HOMDS ™™ .- - - BNL @
] S4HCIR Loge HOMOS STM . - - - BNL 0]
] S4HCPO Logx HOKOS sT™M .. - - BNL )
A CDMHOR?  Loge HOMOS A - - - 8-ia m
A CDMHCT)  Loge RO RCA - - - Ty No lasciap &t LET = 60
COuse, 1988)
A  C(CDS4HCIS4  Logx HODs RCA - - - - $8-ia. m
A CDMHCIES Loge HOOS RCA ' - - - thia m
A CDMHCY® Logr HOMOS RCA ] - - - -a a)
A CDMHCITY  Logic HOMOS RCA ' - " m
A MMSMHCOS  Logx HOMOS NSC - - - .- i, )
A MMS4HCIS!  Logic HOMDS NSC - - - - H-a m
A MMS4HC26 Loge HOMOS NSC - - - . 88-in. )
11




Table 1. SEU Daws (MOS & CMOS Dwvicss) 1957 & 1988 (Connnuad)

Effeca.-
LETee Device Cross  Cross Secoon
Thsehold Secn (@)  PwBu Faaliry

Devics Furcnon Tecimalogy Mfr. B (Me\llmmz) - 108 amdy stee Remarks (Test Date)
S4HCTI73F Lawch HOMOS RCA L) >78 NoUpse NoUpsa BNL (Dex, 1986)
S4HCT3?3 Lawca HOVOS NSC H -0 No Upsex No Upsea 88-un. No lstchup st LET » 120
(Dex, 1938)
S4HCTS4! Ocul Buffer HOMOS RCA - - - .- 88-1n. [4))]
S4HCTIMC Laweh HOMOS STX |} > NoUpsst  NoUpm Omay Jun. 1985)
S4HCT244 To-Sute HOMOS TIX 10 - - - $%.n. No lawchp ot T w 100°C for
Buffer LET >168 (Apr. May. 987
S4HCTS.6  Coumer HOMOSSOS  RCA - >80 NoUpsa  NoUpsa $8n. No latchup ot LET = 80
June. 1988)
S4HCTS I8 DFF HOMDSS0S  RCA 1] >80 No Upsa No Upsa | LTS No lawchup 8t LET = 80
(June, 1988)
S4ACIT) Laweh Adv CMOS  FSC L .- - .- $8.n. Latchup ot LET—0
(Aug, 1987)
S4ACTIT} Lawch Agv CMOS  FSC L] . -- - 88.an Lawhup &2 LET= 40
(Aug, 1987)
S4AC138 Loge Adv CMOS  NSC .- .- - -- : $8.un. @)
@ o
S4AC138 Logx Ay CMOS  NSC - - -- - $8-1n., bua’pa «40. cross secnon
=107 an® (D, 1983)
SAAC24S Logx Adv CMOS  NSC . - - - $8-10. (e)]
LY
S4AC24S Logc Adv.CMOS  NSC - . 83.un. ¢)]
SeACITe Logx Adv OMOS  NSC -50 Noues  Noupsm i No lsichp &1 LET « 80
@ e (Dec, 1988)
Hi546 MUX OMOs HAR - . - $8an. [$)]
1548 MUX mMQs KAR - - - 88-in. (¢H]
H1549 MUX QMOs HAR . . - - $8-1n. (4]
DG507 Qusd Analog OMOSAg s 4 - - - BNL No lschup ot LET » 120
Swuan @ T e 75°C (Dec, 1987)
DG!25AP Analog CMOS/epn L - .- - - BNL No lsctup ot LET » 120
Swuch @ T e 125°C (June. 1987
DG!25BP Asslog OMQOSvep £+ 8 - - . .- BNL No laschup ot LET = 120
St @Te125°C (Jum, 1987)
PGIN Analog MO o - - - - BNL No lschup st LET » 120
Swuch @ Ta125C (Juns. 1957)
CD4065D Quad OMO8 RCA 4 -- . - 8818 No lmchup ot LET » 120
Bilserul @ T » 00°C (Dec, 1997
Swnch
CS57401 FIFO oMOs M 36 - - .- 88-in. No laachup ot LET » 60
Cune, 1988)
cYCa0! FIFO M08 cYp 26 - - - 8810, Lawchup t LET = 10;4 N
cross secuone 6 1 107 em
Oune, 1983)
$S1L7401 FIPO oMOS? T 26 - - - 88-in. No laschup at LET » 60
Oune, 1983)
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Table |. SEU Dawa (MOS & CMOS Devicas) 1987 & 1988 (Commued)

Effacuve
LETe** Devics Cross  Cross Section
Tan Thmghold . Seuon(ard  PerBit Feality
Org* Devin Funcuor Techmology  Mtr. Bis  (MeVimgem?d) - 108 andy erer Remarks (Test Date)

I CMM6167 SRAM CMOS/S08 RCA 16Ks, 15 46210% 3 $8a. O0=142103 et Ks

80 20 deg angle. High T data
svuulabie (Oct, 1987 &
June, 1988)

A DT6167X SRAM NMOSMOS DT 16Kx! s 261102 165 88.un. Rad Hard Device. No Latchup
@ LET « 120 (June 1987

i DT6.:6V SRAM CMOS IDT p) €1 3 102 60 BNL Sencs A developmern pant
Lawchup LET » 00

(Fen, 1987)

LA DT6Li6V SRAM NMOSIOMOS IDT 2Kx8 6 251102 160 88.1n. No bwhp st LET = |20
(A June 1987.] Agga
Oct, 1987)

A DT™8?

:

IDT 64Ka! S - - $8-un. Rad Hard Devace. No lacnup mt
LET = |20 June. 1937)

IDT a8 ‘ 21102 125 888 Red Had Device Nolschup
LET 120 (June, 1987

£ ¢

A DT 1256 IDT I2Kx8 k] 0.1 - 1810 Nolwehp st LET e (0@ T
= 90°C Rad Hard Device

(Sepx. 1988)

DT I2Ks8 25 0.2 -- 88-n Latchup ot LET @ 1§ [ 5™
secugn = 7110 e
(Dec, 1987)

-3
HIT p2 <) 4 >$1210 - L B Lawhup & 10: crom secuon
-l lO‘*ﬁai (June, 1989

MIC Kyl €1} a 0.6 - 13- No lawhop data repored
(Dexc, 1988)

NY I2Kx8 6 0.1 - 8.0 Latchup at LET = 45, cross secuan
» 103 am? (Dec. 1988)

E
f e

PEE RV RPPERfp i

A CXKSB28S

A EDHEXC SRAM EDI I2Kss 3 0.5 20 $8-n Latchup at LET » 30: crom sectoan

«21210"% om? (Dae, 1983)

A OwW6225¢ owl 32Ka8 ] 0.4 - 8- No latchop ot LFT » 120

(Dee, 1987)
RCA 32K18 3 0.4 - $8-in Laa « ot LET « 3: crom secnan
10" am? (Duc, 1987)

cYp 1Ks4 - - - 880 No saft upset data. Lauchup &
LET <30; arems section »

10'S am? Cuna, 1985)

16K .- - - 880 No saft usm dsa. No lsidwp u
LET = 60 (June, 1988)

£ ¢

A XCDM6EX%6

A CY’Cis0

:

A SSMT188 SRAM

) MAG6L16 SRAM

B
3

>120 .- - $8-in. No lauhup; no SEU. G. Brucker
(RCA) belsoves thas thus pan has &
hardar technalogy than that tased
by ESA & Amraspace. (Apul, 198

) 103a - $-in No lauhap &t LET « 90
high LET (Maz, 1988)

17 - ] $8-ia No lsighup. 3-mucron wchnology
(Nov, 1988)

64Kx! 60 - 2 182 No latchup. |.5-eucron uchnclog
(Sep, 1988)

A MA6116

B
3

ESA  Maé6116

E £ ¢
§
5

ESA Mang?

13




Tabie 1. SEU Daus (MOS & CMOS Devioms) 1987 & 1988 (Cantnned)

Effecuve
LETe®e* Device Crass  Cross Section

Ten Theeshold Semon (an?)  Per Bis Fadiliry

Org* Device Funcuon Tecimalogy MK Bus (Mthnu:nz) hand 00'. unz) Raad Remarks (Tex Date)

] HC6I6R SRAM CMOS (sith  HON  16Ka! >120 - - 88-in. No lawhup. High T data avausble.
resstor) BNL (Feb & July, 1988)

] HCSII6CHEC SRAM oMOS HON y, 31 2 61107 0 $an No lawchup. High T

dats avalable
(Feb & June, 1988)
I HCOLI6CHET SRAM oMOS HON 2Ks8 14 62103 © $8.n No lawchup. High T
daa avausble.
(Feb & June, 1988)
1 Viem SRAM oMOs VIC 2Kss 18 182102 200 BNL (Feb, 1987)
I HMASos SRAM oMOS HAR  #Kal [ sx103 12 -0 Devics also has latchup
thrashold = 13 (O, 1987)
1 HS&SOSRH SRAM CMOS/en  HAR sl 3% 122109 £ $hin Suad s 15 newr threshold
red-nard Spacial tet of four ep: thicknesses
(Jun. 1988)
I HS&SOMRRH  SRAM CMOS/em  HAR Kl 7 Noups  NoUpm $hin (May & Jume. 1987, &
(wuh 200K0) Jan. 1988)

I HM&SS SRAM CMOSp  HAR Xx8 10 51102 300 10 Latchup LET >40 (Feb. Apr. May,
(7 mucron) BNL Juns, Aug. 1987)

I HMESI6 SRAM OMOS/m HAR A8 - - - $8-in. Loschup LET >40 (Age. May. 1987)
(12 mucron) Ses Rl 1.

A HMESI6 SRAM oMOs HAR a8 - $t-in Laubup & LET » 30; cruss secton

= 0.02 cm? (March, 1988)

1 HMESI&2 SRAM OMOSep  HAR  2Ka8 <<l »»31107 - $8is.  Very epd lmchup with Ks

(atwchup) Oawchup) (Apl, 1987)

! HS&ST262RRH SRAM OMOS/n  HAR  16Ka! 20 41109 . $8in.  Tmasews (30 ns) sean anly in
(TTL- (oamens) (trenmants) “all 1's” mode. (Oct. & Dac, 1987
campetble)

I HSESC6ZRRH SRAM CMOSep HAR  16Kal -0 - - thin Transierss (30 rs) sean oaly 12
(CMOS- (taanaents) “all 1's” mode. (July, 1988)
campatbis)

A KS&Cl& SRAM CMOSAam  HAR - 3] 10 ax102 - $tin No smsisars. No latchup st
©MOS- LET = 60 (Apail, 1988)
ocampatlds)

AMSZLas SRAM NMOS AMD  &Kal 1.6 041 10t Omey.  (Ang 1M
$8-ia.
AM21L47 SRAM NVDS AD & <16 ael 10t Omsy.  (Aug. 1985
880
A AMMCM!  SRAM oS AMD  ©4Kxl -1 0.3 s | TRPY (March, 1987)
A IMS1601 SAM NMOSCMOS INM 64Kl <2 [ X] 200 tia Lavchwp & LET = § with crous
=tom =4 3 W‘ n2
Uase. 1987)
A IM31600 SRAM NMOSOMOS INM  ¢4Kal -3 os - $.in Lasshmp ot LET >30: croms sscton
© 7110 ax? Owes, 1957)
A PACKAZ SRAM ovos ] 26t -1 - - 88.in. Lesshwp & LET = 10; arass sscncn
=21 10" an? Oune. 1987
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Table 1. SEU Dew (MOS & CMOS Devicms) 1987 & 1988 (Contmied)

Effective
LETe®* Dovice Cross  Croms Section
Tent Threshold Section (am?) Per Bi Faaility
Org* Deviee Funcoon Technalogy Mk Bis  (MeVimgiemd) - 10 an?) soes Ramarks (Test Dute)
] 15256 DRAM NMOS MIC 856K 1 0.6 20 BNL Mask 1256 (Aug, 1987)
T HMS6I6 PROM CMOS/en HAR i a7 102 - 88-in.  Latchup LET = 40 (May, 1987)
J HS6616 PROM CMOS/ept HAR 2Ka8 - - - BNL Lawchup LET>1 20 T = 100°C.
(rad hard) (Juae, 1987
] HM6617 PROM CMOS/epi HAR 2Kx8 12 Tz lO's Surmuse only BNL Latchup LET>120. (Oct & Dex.
(7 mucron epi) penphen] upset 1987)
A MD27664 EPROM MOs INT TKx8 - - - $8-in. @
] Hs1ss10 Manchener  CMOS HAR 4 25 s110 . BNL  (May, 1988)
Encoder (extrap.)
] LRH10032Q Gate Amy HOMOS LSl 16x4 3416 15 BNL Only 64K RAM tastod. (Oct &
RAM 88-1n. Dec,1988)
J CDI6U0? Gawe Amy CMOS LED - »75 No upsex No Upset Orzay (June, 1985)
] MBseoo Gae Amy  HCMOSep  MTA 1792 0 - 250 $8in.  Configured s 25617 RAM. At
(10 macrons) (st LETe120) LET = 1200 = $210°3 am?.
(Aug, 1987)
] MBS000 Gate Amy HCMOS /s MTA 1192 25 . 250 88-1n. Sec sbove remarks. (Aug & Oct,
(8 mucrons) (st LET=120) 1987) )
A LL7320Q Gate Amy CMOS Aulk il .- - - . [ { BTN Lawhup st LET « 30, cross section
=107 an? (Dec, 1988)
ANS! LRH9320Q Gate Ay HOMOS L1 64 -0 3210 400 BNL (Sepxe, 1987) A: No lachup on e
(rad hard) [ 88-ia. st LET = 120 (A: Dec, 1988)
A EPI2IO Logic Amy  CMOS ALT - - . - 88-in.  Nolawhup st LET = 100
(June 1988)
A EP1800 Logic Amrey CM0S ALT - - .- - $8.n. Laschup o1 LET = 15; cross sectian
«15210 am? (June, 1988)
J MNS5253 A/D Con- CMOS MINC - <l.6 ~2x1074 - 88-in. Part is bigger then beamn. (Juns &
vener July, 1988)
(12-Bu)
A Ccoam QockCar  CMOS vVIN .- - - - $8in.  Lauchup we only. Nolawchup &

oller

LET = 60 (Apal. 1988)

(1) Latchup wst anly, up 0 60°C. No lawchup obesrved at LET = 60. (March, 1988)
(2) Latchup wem anly Latchup tweshold = 21. u'r-z'c.unp-.m-nxo"-:’:nr-wc.m--ﬁ--w‘-z. (Jume 1988)

(3) Laschup wem only up to LET <100. No latchup (Dec., 1988)
(4) Latchup 1am anly a1 20°C. No laiciap cbearved with 308 MaV | a1 60° sngle fox 10 ionuiem? (August, 1968)

(5) Latchup tast anly st room T and 60°C. No latchup observed wish 308 MaV 1 at 60° angle for 107 soma/am? (August, Ocober, December, 1985)

(6 Latchup 1am anly & T = 60°C. No lachup cbearved with 275 MaV | a1 60° angle for 107 ionsicen? (Dec., 1988)
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Tabis 2 SEU Dsus (Bipoler Devices) - 1987 & 1988

Effecave
LETe* Device Cross ~ Cross Section

Iimshold,  Semm(amd)  PerBu Faaility
Devce Funcuon Tchnalogy  Mfr. Biu (‘Mthulunz) e (10" an?d) sase Remarks (Test Dete)
F3450 +BuMicro L FSC 1 . hin. {Aug & Oct, 1987)
procossar
$BP9989 168 Micre 1L ™ - 12 - TR Dec. 1988)
processcr (2-rucran)
S4F74 DFF FriL ™ 1 s 91108 9000 $in. No lschup at LET = 100
(Sept 1983)
S4FT4 DEF T SN 1 ' 9110 9000 $8-in No lasctup a1 LET = 100
(Sepe 1988)
S4F109 XFF T SN 1 10 104 10,000 $1-in. No tstchwp st LET = 100
(Dec, 1988)
S4FTTI Laxch FTA FSC s 25 2x10°8 250 BNL (Dec. 1986)
4574 DEF ST TIX 1 104 10,000 $8-in. No lsschmp a1 LET = 100
(Dec. 1988)
S4ALSITY Lawh ALSTL ™ ] ] 45210 5500 BNL D, 1986)
S4LS73 X EF LSTR, ™ 4 $ . BNL (Dec, 1988)
932 RAM LT AMD 2564 < 41102 4000 o (Ang 1986 June. 1957)
ABNL
525212 RAM ST N 2% 1 21102 1000 BNL Reem with Br. (June, 1987)
942 RAM ™ AMD 64 a 41102 4000 $-in. (Ag 1986; june, 1987)
&BNL
93451 PROM Schouky FSC 1Kas a1 104 - $8-in. (Aug & Duc, 1987;
(fumbis T &BNL Jac 1988)
k) To-Sus )
AME012 DAC Bipolar AMD - 19 10 - Bin s, 1986)
ADS&2 DAC Bipolar ADL - 15 10¢ - 8-ia Ovaz, 1986)
AD5T3 A/D Cosvenar Bipolar ADL - <1.6 252104 - 8-in Purt bigger than beam
(10-b1) Ouns & July, 1988)
TDCIOSRI6A  AD Cowvenar Bipoler ™mv b o) a.6 352104 - $8-ia Outpx reginan damnsis
(8-bit) SEUcroms esction.
(Feb & Kly. 1988
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IV. TRENDS

Some trends in the recent data are offered here. (1) Two 8-bit microprocessors—the Sandia
SA3000 and its equivalent, the Harris HS80C85RH —were tested and found to be hard.***
However, 16-bit and 32-bit microprocessors were much softer. (2) The tested microprocessor
peripherals were invariably harder than the parent microprocessor. (3) Parts operated at a higher
bias were more resistant to soft errors. (4) None of the STM (France) and TI 54HCxxx logic
device families could be made to latch up, even when tested at a slightly elevated temperature
(60°C). The data here include a retest of the TI 54HC161 and 54HC165, both of which exhibited
latchup in previous tests.2 The previous two parts and most of the present parts are
complementary metal-oxide semiconductor (HCMOS) p-well/bulk devices, but some of the earlier
data were also for twin-well technology parts. (5) Our intuition that 54HCTxxx devices will behave
similarly to 54HCxxx devices is supported by a very limited data set of the former devices. (6)
Test data for the 54AC373 and S4ACT373 latches suggest that this technology is susceptible to
latchup. (7) Miscellaneous new data were taken for analog switches, bilateral switches, gate
arrays, and programmable read-only memories (PROMS). (8) Several analog-to-digital (A/D)
converters were tested to try to establish their LET thresholds. Anomalous device-to-device and
test-to-test disparities remain to be resolved.**** However, two bipolar digital-to-analog
converters (DACs) had a respectably high LET threshold of 15 MeV/mg/cm?. (99 CMOS RAMs
continued to exhibit a wide range of SEU response. The Marconi MA6116 and Honeywell
HC6167R 16K RAMs, using CMOS/silicon-oxide semiconductor (SOS) and feedback resistors,
respectively, proved to be very hard. (10) NMOS technology, whether as high density dynamic
random access memory (DRAM) or 4K RAMSs, had a very low LET threshold. (11) Many new
tests were made at higher temperatures—not usually indicated in the tables. When this was done,
the parts tested at higher temperatures were always more susceptible to soft errors or latchup.

*** In this context, the term “‘hard” refers to a part that does not upset with 150 to 350 MeV Kr at nor-
mal incidence.

***+ Inconsistencies in repeat test data for the ADCs are seen. JPL believes that special test techniques
may be required to understand SEUSs’ effects on ADCs.
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V. CONCLUSIONS

The new data presented here can be combined with data given in References 1 and 2 to
provide certain generalizations useful for protecting flight electronics from SEP. Hard technologies
and unacceptably soft technologies can be flagged. In some instances, specific tested parts can be
taken as candidates for key microprocessors or memories. As always with radiation test data,
specific test data for qualified flight parts are recommended for critical applications. Calculations
of accurate SEP rates will require the assistance of a computer code, a well-defined environment
(in terms of flux vs LET), and a complete device characterization (cross section vs LET at the
appropriate temperature.)
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APPENDIX
MANUFACTURER ABBREVIATIONS

ADI Analog Devices, Inc.

ALT Alpha Industries, Semiconductor Division
AMD  Advanced Microdevices Corporation
CYP Cypress Corporation

EDI EDI Corporation

FSC Fairchild Corporation, Semiconductor Division
HAR  Harris Corporation, Harris Semiconductor Division
HIT Hitachi Ltd.

HON  Honeywell, Inc.

IDT Integrated Devices Technology, Inc.

INM INMOS Corporation

INT Intel Corporation

LED Lockheed Corporation

LSI LSI Logic Corporation

MED  Marconi Electronic Devices

MIC Micron Technologies

MMI Monolithic Memories, Inc.

MNC  Micro Networks

MTA Mattra Harris Semiconductor

NSC National Semiconductor Corporation
OWI Omni-Wave, Inc.

PFS Performance Semiconductor Corporation
SGN Signetics Corporation

SIL Siliconix, Inc.

SNL Sandia National Laboratories

SNY Sony Corporation

SRT Saratoga Semiconductor, Inc.




STM (France)

Supertex, Inc.

Texas Instruments, Inc.

TRW, Inc.
VTC, Inc.
Vectron Corporation

Zilog
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LABORATORY OPERATIONS

The Aerospace Corporation functions as an “architect-engineer” for national security
projects, specializing in advanced military space systems. Providing research support, the
corporation’s Laboratory Operations conducts experimental and theoretical investigations that
focus on the application of scientific and technical advances to such systems. Vital 10 the success
of these investigations is the technical staff’s wide-ranging expertise and its ability to stay current
with new developments. This expertise is enhanced by a research program aimed at dealing with
the many problems associated with rapidly evolving space systems. Contributing their capabilities
to the research effort are these individual laboratories:

Aerophysics Laboratory: Launch vehicle and reentry fluid mechanics, heat transfer
and flight dynamics; chemical and electric propulsion, propellant chemistry, chemical
dynamics, environmental chemistry, trace detection; spacecraft structural mechanics,
contamination, thermal and structural control; high temperature thermomechanics, gas
kinetics and radiation; cw and pulsed chemical and excimer laser development,
including chemical kinetics, spectroscopy, optical resonators, beam control, atmos-
pheric propagation, laser effects and countermeasures.

Chemistry and Physics Laboratory: Atmospheric chemical reactions, atmospheric
optics, light scattering, state-specific chemical reactions and radiative signatures of
missile plumes, sensor out-of-field-of-view rejection, applied laser spectroscopy. laser
chemistry, laser optoclectronics, solar cell physics, battery electrochemistry, space
vacuum and radiation effects on materials, lubrication and surface phenomena,
thermionic emission, photosensitive materials and detectors, atomic frequency stand-
ards, and environmental chemistry.

Electronics Research Laboratory: Microelectronics, solid-state device physics,
compound semiconductors, radiation hardening; electro-optics, quantum electronics,
solid-state lasers, optical propagation and communications; microwave semiconductor
devices, microwave/millimeter wave measurements, diagnostics and radiometry, micro-
wave/millimeter wave thermionic devices; atomic time and frequency standards;
antennas, rf systems, electromagnetic propagation phenomena, space communication
systems.

Materials Sciences Laboratory: Development of new materials: metals, alloys,
ceramics, polymers and their composites, and new forms of carbon; nondestructive
evaluation, component failure analysis and reliability; fracture mechanics and stress
corrosion; analysis and evaluation of materials at cryogenic and elevated temperatures
as well as in space and enemy-induced environments.

Space Sciences Laboratory: Magnetospheric, auroral and cosmic ray physics,
wave-particle interactions, magnetospheric plasma waves; atmospheric and ionospheric
physics, density and composition of the upper atmosphere, remote sensing using
atmospheric radiation; solar physics, infrared astronomy, infrared signature analysis;
effects of solar activity, magnetic storms and nuclear explosions on the earth’s
atmosphere, ionosphere and magnetosphere; effects of electromagnetic and particulate
radiations on space systems; space instrumentation.




